In this study, we discuss timelike factorable surfaces in Minkowski  4 space 4 1 IE . We calculate Gaussian and mean curvatures of these surfaces and classify timelike flat and minimal factorable surfaces in Minkowski space-time.
INTRODUCTION
The Minkowski space defined by Lorentzian inner product is the mathematical structure in which Einstein's special relativity theory is the most appropriately represented. Since the inner product is not always positively defined, curves and surfaces vary in this space. Spacelike vectors, curves and surfaces show similarity to the Euclidean space structure. Represented by  and  is the Levi-Civita connections on 4 1 IE and S, respectively. Let 1 X and 2 X indicate the tangent vector fields and let  indicates the normal vector field on S. Then, Gauss and Weingarten formulas are given by the followings:
where h, D and  A are the second fundamental tensor, the normal connection and the shape operator with regard to  , respectively [2] .
Let S be a timelike surface in 4 1 IE given by the
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is the tangent space at any point
. In the chart (u,v) the coefficients of the first fundamental form of S are given by By the use of Gram-Schmidt orthonormalization method, we can obtain the orthonormal tangent vectors as:
Hence, with the help of the orthonormal tangent vectors, the second fundamental form can be written as 
where   
Any surface is said to be flat (minimal), if its Gaussian curvature (mean curvature vector) vanishes [4] .
Factorable surfaces (also known homotethical surfaces) in 3 IE can be parameterized, locally, as
, where f and g are smooth functions [5, 6] . Some authors have considered factorable surfaces in Euclidean space and in semiEuclidean spaces [6, 7, 8, 9, 10, 11, 12] . In [5] , Van de Woestyne proved that the only minimal factorable nondegenerate surfaces in 3 L are planes and helicoids.
In [13, 14] , the authors gave the surface parametrization as
and called it Monge patch in . IE 4 Furthermore, in [14] , the authors characterized this surface and gave some examples. Also, some surfaces and curves in four dimensinal spaces can be found in [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28] .
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such surfaces in terms of their Gaussian curvature and mean curvatures and give the conditions for such surfaces to become flat and minimal. Therefore, the parameterization of the factorable surface can be written as
TIMELIKE FACTORABLE SURFACES
Let S be a timelike factorable surface given by the parameterization (16) in 4 1 IE . Then, the tangent space of the surface is spanned by the vector fields
The first fundamental form coefficients are obtained as
Here, we suppose E<0, namely the surface S is timelike, and so
Normal space of the timelike surface S is spanned by the orthonormal vector fields
Since S is timelike surface in 4 1 IE with respect to chosen orthonormal frame, A and D are positive definite. By the use of the equations (8), (19) , and (20) 
Timelike flat factorable surfaces
Theorem 1. Let S be a timelike factorable surface with the parametrization (16) in 4 1 IE . Then, its Gaussian curvature is given by
Proof. By the use of the equations (13) and (23), we obtain the desired result. Theorem 2. Let S be a timelike factorable surface with the parameterization (16) in 4 1 IE . If S is given by one of the following parameterizations, then it is a flat surface: 
then we obtain the cases (1), (2), (3) and (4).
. By the use of (25), we can write
where  is constant. , from (27) we have 
Gaussian curvature of the surface. Thus, we obtain the case (7).
, then we get
which gives the case (8).
Example 1. The surface with the parameterization
is timelike flat factorable surface in 4 1 IE and one can plot its projection to  3 dimensional space with the help of the maple command 
Timelike minimal factorable surfaces
Theorem 2. Let S be a timelike factorable surface with the parameterization (16) in 4 1 IE . Then its mean curvature vector is given by
Proof. By the use of the equations (11), (14) and (23), we obtain the desired result.
Theorem 3. Let S be a timelike factorable surface with the parameterization (16) in 4 1 IE . Then S is a minimal surface if and only if
Proof. Let S be a factorable surface in 4 1 IE . Since we can write the mean curvature vector as 
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in (38), we obtain the cases (4) and (5). in (40), we obtain the cases (7) and (8) . Also, if
, we obtain the case (10), which completes the proof.
